somes ( Figures 5B and 5D) . Hence, N/C-Bid cannot act Dextran Release from Defined Liposomes: The Requirement for Cardiolipin alone to permeabilize membranes, but does so in combination with monomeric Bax. Moreover, lipid composi- Figure 5B shows a marked effect of the source of extracted lipids. Whole mitochondria (inner and outer tion is critical. Importantly, even the very large 2 MDa dextran molecules were released from M liposomes (Figmembranes combined) contained substantial levels of cardiolipin, essentially accounting for the difference beures 5C and 5D), and dextran release was inhibited by Bcl-x L at the same concentrations active on whole mitotween M and ER liposomes. Confirming this, we found that addition of cardiolipin to the ER lipids restored rechondria and OMVs. Thus, protein-free liposomes and Bcl-2 family proteins alone ( Figure 5) Figure 5C ). This suggests that the BH3-only, rather than the BH1-3, proteins may be the primary These defined liposomes responded well to a mixture of N/C-Bid and monomeric Bax, but not to either protein physiological target of Bcl-x L and its antiapoptotic relatives, as others have argued (Cheng et al., 2001) .
alone ( Figures 6A-6D ). Bcl-x L blocked dextran release . pores) and solubilized with 100 l of elution buffer containing 1.2% Outer membrane vesicles (OMVs) from Xenopus egg mitochondria CHAPS prior to chromatography. were isolated using an adaptation of the method developed for N. crassa mitochondria (Mayer et al., 1993 , which were observed Immunoblot Analysis to be mostly right-side out. The HM fraction (200 l) was diluted Samples were subjected to SDS-PAGE (12% or 15% gels) and transinto 4 ml of HE buffer (5 mM HEPES/KOH [pH 7.4] containing 1 mM ferred to nitrocellulose (BioRad, 0.45 m). The membranes were EDTA) for 10 min on ice. The lysate was pelleted at 5000 ϫ g for 5 probed with antibodies to VDAC (1:5000; Calbiochem, 31HL; mitomin, the supernatant was discarded, and the pellet resuspended in 2 chondrial outer membrane), ANT (1:500; a gift from P. Schmid, Uniml of HE buffer (this additional hypotonic treatment of mitochondria versity of Minnesota, USA; inner membrane), or ribophorin (1:200; increased the purity of the OMV preparation) containing 5 mg/ml a gift from E.B. Lane, University of Dundee, UK; ER membrane). fluorescein-dextran (10 kDa or 2000 kDa; Molecular Probes, D1821 Cytochrome c and Bax were detected with antibodies 65981A and D7137) for 40 min on ice. LMs were resuspended in 10 pellet (1:3000; Pharmingen) and N20 (1:1000; Santa Cruz), respectively. volumes of the same buffer with fluorescein-dextran and incubated After a secondary reaction with horseradish peroxidase-conjugated on ice for 40 min. The organelle suspensions were homogenized anti-mouse-or anti-rabbit-Ig antibodies (1:2000; Amersham), the with 30 strokes of a 2 ml Teflon-glass homogenizer on ice and membranes were incubated with ECL reagent (Amersham) or (for loaded onto a sucrose step gradient consisting of 0.6 ml of 60%, Bax) Supersignal West Femto (Pierce) and exposed to the film for 2.5 ml of 32%, and 1 ml of 15% sucrose in HE buffer. The gradient 10 s to 1 min. was centrifuged at 115,000 ϫ g in an SW50 rotor (Beckman) for 1 hr at 4ЊC. The membrane layer at the interface between 32 and 15% sucrose was collected and adjusted to ‫%05ف‬ sucrose by the Dextran Release Assay LMVs or OMVs (2.5 l) were used in a 50 l assay mixture in 30% addition of 70% sucrose in buffer. This solution was overlaid with a flotation sucrose gradient consisting of 2 ml of 32% sucrose and phosphate-buffered saline with recombinant proteins and/or BH3 domain peptides and incubated at 22ЊC for 3 hr. Carrier protein 1 ml of HE buffer. After isopycnic centrifugation in an SW50 rotor at 115,000 ϫ g for 16-18 hr at 4ЊC, the purified OMVs or LMVs were (GST, 75 g/ml) was added to all samples to block nonspecific losses. After incubation, the released fluorescein-dextran was colrecovered at the interface between the 0% and 32% sucrose layers. The recovered membranes were diluted 5-fold in HE buffer and lected through either a 100 kDa microfiltration unit ( 
Formation of Liposomes from Defined Lipid Mixtures Cytochrome c Release Assay with Xenopus Mitochondria
Egg phosphatidylcholine (PC), egg phosphatidylethanoloamine HMs (4 l) were added to a 50 l assay mix consisting of 40 l of (PE), brain phosphatidylserine (PS), soybean phosphatidylinositol ELB with 120 mM KCl and 1 l of BH3-domain peptides from a (PI), and heart cardiolipin (CL) in chloroform (Avanti Polar Lipids) stock in DMSO or 10 l of recombinant proteins. After 3 hr at room were mixed in a glass bottle at the molar ratios indicated in the temperature, 20 l of the sample was spun at 20,000 ϫ g for 5 min;
text. Lipids were dried under nitrogen, resuspended in potassium 10 l of the supernatant was collected for immunoblot analysis. The phosphate buffer (pH 7.4) at 8 mg/ml, and processed as described pellet was resuspended in 20 l of sample buffer and 10 l of this for M and ER liposomes. was analyzed by immunoblot with anti-cytochrome c antibody.
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